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Tills thosls is lr.t«n<ls<l as a further invo8tl£.ation 
alone the lines suc£ost«d by KACA 71. 2233* 

The effects of dead spot non-linearities in certain 
noaent derivativea on the latoral notion responses of two air- 
planes arc invo3tic,atod. .-oad spot non-linearities la noiaent 
derivatives ocrurrln,;, in the latoral equations are defined as 
non-linearities in which the nojsent derivatives iri question 
arc functions of sideslip angle, belnt^ zef’o over a certain 
ran^e of siceslip angle on each side of zero sideclip, and 
outside this range of sideslip angle, known as tha dead spot, 
having the constant value nomally used in the solution of 
the latoral stability equations as based on the theory of 
ssall oscillations. Jortain evidence has cone to li<,ht in 
recent years which stron^^ly suggests the possibility of the 
exisbonco of such non-linearities. 

The two airplanes whose latoral notions were inves- 
tigated in this thesis wore desigrxated as Airplanes I and II, 
respectively. Airplane I is a convor.tiunal, slow speed, twin 
engine trajiaport typo aircraft. Airplane II is the Mgh speed 
fi^itor type aircraft r/hose lateral notiems wer« invectifated 
in KACA TU 2233. Airplane I has very strong lateral dynasde 
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•iabllity. Airplane II Lac nar(;Inal lateral d;,'nastlc stability. 

Th« noewnt dorivatlvoo in which dead spot non-llnoar- 
iti«c were aesunod in this invostic«tior» wore: direct’. crAl 

stability, daarpint, in yaw, dihodral effect, and rolling; nonont 
duo to yawinc velocity dorlvntivea. KACA TU 2233 cemsidored 
tlie effects on tlio lateral Botions of Airplane II only of dead 
spot non-linearitieo in only Uie first two of tho precedi nc 
four lateral acr-vont derivatives, when present simultaneously. 

This thosls investigates the effects of the four dead spot non- 
linoorities listed above taken sincly and in various coobinations 
for both Airplanes I and II, respectively. 

The dead spot range for all the non-linearities con- 
sidered In this thesis was taken as extend ng from sdnus two 
degrees to plus two degrees of sideslip angle. 

The lateral notions Invostigatod wore in response to 
disturbances in sideslip angle of five degrees and one degree, 
respectively. 

The standard liACA lateral stability equations with 
controls fixed were used. These equations were solved for tho 
lateral responses on the Koevos i*lfictronic Analogue Coaputer, 
(REAC) at the fnivorsity of Minnesota, boveral cases wore also 
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aolved for response in sideslip ancle lay hend« using the inothod 
of the Laplaoe traneforn, sa checka on the accuracy of the RfclAC. 

It was found that the effecta of tlm various dead 
spot non-linearltiea on the lateral responses showed, in con- 
eral, the satne trends for enoh of the two ojfferont aircraft, 
however, the offeots on Airplane II wore ouch nore pronounced 
tiein the effects on Airplane I. 

This theeis was conpleted In partial fulfillnont of 
the roqt’.lreKen* 8 for a 1-a.stcr’s Locree at the University of 
Minnesota. 




4 



- A - 

INTKCMiCTlQK 

Up until tho titM of World War II, t,ho lont^iuclinal 
•nd lateral stability oquationc based strictly on tho tlieory of 
scaill oscillations were considered satisfactory for practically 
all InveatipTitl ons and ostiraations of aircraft dynanic stabil- 
ity. Koroovor, up until that tino, a nero estitvation of tho 
goneral nature of an airplane’s dynamic stability cliaractoris- 
tics was ccKisiderod to be all that was necessary for cost dcsipTi 
purposes, oince it was only desired to insure tlait the airplane 
iiave satisfactory dynamic stability characteristics and it waa 
not considorod necessary to aooursitely predict the tine hiator- 
ios of tho actions in response to a disturbance or to control 
dofloctions. In order to estioate the loni^itudinal end lateral 
stability characteristics vindcr tlwso requirements. It was saero- 
ly necessary to e\*aluato the longitudinal and lateral chiiracter- 
istio equations which were based, respectively, on the longitud- 
inal and late al stability equations, and then to find tho roots 
of these equatiens. An exaninatlon of the coefficients of the 
longitudinal and lateral characteristic equations indicates whe- 
ther or not the airplane has lonj^itudlnal and lateral dyrsnsiio 
atability, rospcctlvoly. Fron the roots of tho characteristic 
equations, the general nature of tlio nodes of Qotion, lon^^ltud- 
iral and lateral, respectively, can bo estinatoc. This procedure 






















% 



n 





•< 







%m4i 









• » 




f 



•f 



¥ 



1*1^' 






f 



tKttt 







4i 



t 



^•f 



« 



J bmmSm i %ft§ iKi 








- 5 - 



is slRpls «nd atraichtfonrard, and tha required conputatlons can 
b« quickly r«d«. 7h* inf rmation on th« stability characteris- 

tics thus obtainocl «as practically alwa^'s suffioient for design 
purposes. The background and further elaborations of tl cso pro- 
ceduros is given in considerable detail In references (l) 
through (6). 

Ueoent years !iavo seen the advent of pilotless air- 
craft, guided aissiles, aircraft rockets, and a greatly increased 
use of autoeietlc pilot control of increasing cooplexity. All of 
these itens frequently require that far nore be knotrr for deoi£ 7 i 
purposes concerning the dj-naralc clvaractorlstioa of the airplane 
or missile than the nsere fact that it ia expected to be dynamical- 
ly stable and a general knowledge of the nature of its predicted 
modes of notion in response to a small disturbance. In fact it 
is now considered necessary in many cases to accurately predict 
the tine hiatory of the notions in response to varioue control 
deflections and in response to various disturbances. The stand- 
ard stabilil^ equations used for this purpose are generally the 
standard longitudinal and lateral stability equations as pre- 
sented by the l^tional Advisory Coonittee for Aeronautics, 

(ilACA). Those equations are essentially the dynanlc stability 
equations which have been in use fer the last forty years, rof- 
orcnco (l). I'.owever, tiio equations have been nodlfled to soko 
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alight axtont In r«o«nt year*, and as proviously stated, *^hoy 
were not eonerally used until recent years for the purpose of 
obtaining eccurote tlce histories of the various aircraft 
Tiotior.s • 



Any GMthod of hand solution of the stability equations 
for the tine histories of siotion responses will involve lauch 
coaputalional labor anc will be very tedious. However, t!»e la- 
place traniC)rn notlod of solution is perhaps tho most readily 
Applied and straiglitfomard nethod of solution, ospeoially since 
this taethod inherently peraits the application of Initial con- 
ditions as disturbances, a straichtfonnird eethod of simulating 
actual disturbancoa on the airplar»o. Reference (G) describes 
the general application of tho Laplace transforn method cf solu- 
tion for tine histories of the various motion responses. Ref- 
erence (7) is a test giving tho general background for tho gen- 
eral application of tho laplece transfora methods. 

Due to considoraule, tedious conputatlonal labor in- 
volved in solving tho stability equations for tine histories of 
motion responses by hand computation, it is far preferable to 
use an autormtic computer for tiie solutions. Autossatic digital 
computers give solutions of motion responses with a very hlgj^ 
degree of accuracy and a fair degree of speed. Automatic elec- 
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tronic analogue conputers do not give the degree of accuracy of 
automatic digital computers, but the analogue computers are much 
faster, solving for, and simultaneously plotting, the time his- 
tories of all motion responses in a matter of seconds, with sat- 
isfactory accuracy. 

The longitudinal and lateral stability equations are 
based on the theory of stnall oscillations, whicli means that all 
disturbances and the amplitudes of all responses are fairly 
snail, thus permitting the assumption Vnat all force and nonent 
derivatives are constants. The stability equations, including 
this assumption, give quite accurate time histories of motion 
responses for notion response amplitudes up to ton or fifteen 
degrees as is evidence by tlie investigations of reference (8). 

In this reference are reported the results of calculated notion 
responses for a swept wing fighter using force and moment deriv- 
atives constant with amplitude, as determined in the wind tun- 
nel, and of comparing these calculated responses with responses 
for the actual full scale airplane in flight and subjected to 
the same disturbances. The agreement between the calculated 
and flight responses was in general very good, furnishing excel- 
lent justification for the use of the theory of small oscilla- 
tions and force and moment derivatives constant with anplitudo. 
However, in several cases reported in this reference fairly 
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larg* di»turb*nce8 of the controla wer® used owusing as a result 
Botion responses which wer© large enough to fall outside the 
ran;,® of tho theory of snail oscillations. In those cases, tJ ore 
was, of course, a decrease in the accuracy of tho calculated ro- 
sponsos using derivatives constant wit?, anplltudo. However, the 
accuracy of the calculated responses for those cases was improved 
by assuaing certain moment derivatives to be stop function dis- 
turbances of angle of attack for longitudinal notions and angle 
of sideslip for lateral notions. These stop functions were 
taken in such taannor as to approxinato tho wind tunnel data over 
a wider range of angle of attack and angle of sideslip, respec- 
tively, than was tho case when the derivatives were assumed con- 
stant with amplitude, llius, reforonoe (S) gives good justifica- 
tion for assuming longitudinal momertt derivatives to be functions 
of angle of attack and lateral noriont derivatives to be functions 
of angle of sideslip when cioti on responses are expected to exceed 
tho range of srwll oscillations. 

Reference (9) is an analytical lateral stability in- 
vestigation which also assumes that certain nomont derivatives 
are functions of angle of sideslip rather than being constant 
with angle of sideslip response amplitude. However, in this 
case tho variation in the magnitude of tho monont derivatives, 
as coeparod with the constant value normally assumed, Is as- 
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susMd to occur ne«r t}ia tbIuo of soro sideslip ratJier tlisn at 
the anplltudos of angle of sideslip as was the case In 

reference (O). c.peoiflcalIy« reference (O) assumes that tlio di- 
rectional stability, Cjj , and dampin^, in yaw, Cn, , derivatives 
are functions of the angle of sideslip for a higji speed fighter 
tyjjo airplane. TVie nature of these variations of the above two 
BOEent dorlvativec with sideslip angle is shewn in Figure 1. It 
will be noted that within a range of sideslip angles from minus 
two degrees to plus two degrees, the cscssent derivatives aro 
sero, while outside this range tho monoiit derivatives have the 
value which is norr»lly conaidorod constant with amplitude of 
sideslip angle. Tho range of s idea lip from mlnue two decrees 
to plus two dagreos is colled the dead spot for the diroctional 
stability and damping in ^'aw derivatives. This type of varia- 
tion of moment derivative with sideslip angle will be called a 
dead spot non-linearity, since it destroys tho overall linear 
variation of with ^ and of C„^r with J*. «ote tijit in . Ig- 

uro 1, and henceforth at all times in this thesis, the dimen- 
sionless oocfficlent fora for forces and nomonts is not used even 
though it is used In reference (9) and at practically all tines 
by tho liACA. Instead forces and monents In units of accelera- 
tions arc used, since this aalcec the stability equations more 
8traightfoi*ward and simpler to apply, ospeclally In tlie case of 
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hand Bolvrtiona* 'ho list of s^'tnbols in Appendix A contains 
s^Bbols and terod-nolo^' used for fortsa and D<Hwnt dorivativoa 
when forces and nonents are in units of acocloratlon* 

The dead spots assui.ed in uircctional stability and 
dacpin*, in j’«w uorivatives in reference (O) are q'.ito arbitrary. 
Jowaver, it is boliovecl likely that under certain conditions such 
deed spots do ox^at, especially in lil|^ speed fighter typo air- 
craft of the typo analy^tod in roforcnce (b). Iheso doa<. spots 
could be caused by pocr fairing, of the tail surfaces into tho 
fuselage# by wing wako for lew-sot tail surfaces, or by anything 
which ni^ht interfere with flow over tlie tail surfaces in such 
a nanner as to cause titO doad spot effect assured for these 
Kosent oerivstivos. koroo-.cr, if these dead spot non-linoar- 
itios do occur, they will quite possibly not bo laeasured or in- 
dicated by wind turjiol data, ouo to the relatively snail anpli- 
tudo of tho doad spot or due to tho factors interfering with 
flew over the tail surfaces, such as poor fairin,, or filleting, 
not existing on the wind tunnoi laodol at all. !T}«roforo, it is 
of Interest to deterRii.e tho effect of such dead spot non- 
linearities on tho latoral notions of aircraft in response to 
disturbances in an effort to account for unexplained latoral 
notion roaponses noted in actual aircraft in flight or in an ef- 
fort to catalog the effect of various doad spot non-lincariti ea 
on lateral notion responses for voi'ious tyjies of aircraft In 
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order that the effect of such dead aj ot nor.-linoarltiea *«ky 
readily bo predicted i: future iles'gn v;yrl:. 

Koferonce (9) conalitutoa a preliminary annlyale of 
the effeota of dead spot non-linoarltioa in «onent derivatives 
on the lateral raotione of aircraft. This tliesie constitutes a 
further amlysls of tho offeota of dead spot non-linearities 
on the lateral notions of aircraft. 

jujforence (3) considors tho cinuliur.oous effect of 
dead spot non-linearities in dlroctlvnel stability and danping 
in yaw derivatives on the lateral notions of a particular hi-^ 
speed fighter type airpiai'.e under certain flight conditions. 

This thesis considers tho effect of the above two dead spot non- 
linearities plus tho effect of a similar dead spot non-linearity 
in the dihedral effect derivative, airplane of ref- 

erence (9) for a straig/it and level flight condition. The ef- 
fects of those tlirco dead spot non-lir- aritiee are considered 
individually and in various conbiruitions with one another, ''ore- 
over, the effects on tho lateral motion are oonsidered for a two 
cagino tranaport type aircraft in a straight and level fligl.t 
condition at low speed. For the second airplane, the effects of 
the three preceding dead spot non-linoaritlos aro c >nsldered 
plus tho effect of a slr.llar dead spot in tho rollin^ coaont due 
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to ya»ins velocity dorivativo, lr'» offecto of 11 esc four 

dead spot non-'llnearitiea on the lateral notionu of the second 
airplane are conoidoreu individually anu in various combinations. 
It is to be noted that Ij.' is tero for the airplane of refer- 
ence (91 . 



The dead spot non-llnoaritles in Ip’ and Ij.* are ar- 
bitrarily assumed but they could possibly occur, and hence their 
effects are of interest. Anythln^^ wlilch drastically intorfores 
with the flow over the vortical surfaces would cause a tendency 
for dead apot non- linearities to occur in Ip* and Ij.’. 

Aa was the case in roforence (9), the amplitude of all 
dead spots was arbitrarily ossunod to extend from minus two de- 
crees to plus two docroca of sideslip. Although this dead spot 
amplitude is arbitrary it is a value wldch could quite conceiv- 
ably occur in the actual physical case, and moroovor, it is a 
convenient value to use in calculations. 

The disturbance whicli was used to cause lateral notion 
responses was in all cases a disturbance in sideslip alone. 

This procoduro also corresponds to tr.at of roforenoo (O). for 
each case the cffocts of tho dead spot non-lirtearities on the 
lateral notions was investl(;Rted for disturbat.oes ’n sideslip 
of both five degreoo anc one dogro**, respectively. Tlicso dis- 
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turl)*aco3 trore choson ’jocojso they inaurod tlmt the effects of 
tho dead spot non-linearities on t!io lateral aotions would be in- 
vestigated for initial sideslip a"jplitudoG both outside of and 
inside of the dead spot, resijoctivoly. .'ioreovor, U>e lateral 
ootlor.s in response to sideslip dioturbancoa Itirnish a ,.ood in- 
dication of the nature of the lateral ootion rea-jonsos of the 
airplane to snail disturbm.ccs in (general. A uisturijsnee In 
sideslip alone is quite feasible frem the physical point of 
view. If an airplane in struicht ana level flight ia hit by a 
stror.^, aharp-ed£;oa jjusL with tiro result that it is practically 
instantaneously yawed thr^u^h an angle of five dogreea to the 
left of its fli,^ib path, the airplane has then experienced a 
disturbance in sideslip alone of plus five dogr®®** should 
be noted that with t)ie preceding definition of the disturbance, 
tho airplane would have to be yawod throut^h a yaw angle In tho 
liorizontal plane of plus f'vo do£;rees to return tho longitudinal 
axis to the direction of thof light path. 

This thosia is a t! eorotical investigation, as was 
reference (9), and f' ere are no results of aotual flight cases 
with which to cort^iaro the results of tho invest i^^ationa conprla- 
iag this thesis, althougl. it was stated in a general way in ref- 
erence (9) that undar.pod snaking taotiens had been noted in 
flight for hi,_,h speed aircraft in rosponi>o to snail aeipl'tudo 
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sidealip disturbances snu that this snakin' notion al^.ht be at- 
tributable to dead spot non-llnoarltles in n^ and Hj.. ilasever, 
in the absence of ar^ uetal lad fli{;^t data on the lateral re- 
sponses of airplanes havir.j^ doau spot non-lincaritieo, tho re- 
sults of the investi{;atio:.s of tills thesis aro intended to 
servo ns a cataloging of tho effects of tho various dead spot 
non-linearities on tho lateral notion responses of two difforent 
types of airplanes in straight and level flight. 

The standard ll&CA lateral stability equations aro used 
in conputin^ tho Lateral motion responses to tho sideslip dis- 
turbances. As previously stated, ti.o accuracy of these cquc- 
tlons in computing tho tir.o histories of lateral notions of 
snail amplitude lias been shown by reference (C) to be quite 
good. It should bo noted, liowover, that tije lateral stability 
equations as applied in tiiis thesis aro for "controls fixed". 

T5io Reeves hloctronic Analogue Computer (R.*iAC), at the 
University of i^inneaota was used to conpiito tho Lateral notion 
rosponses to tha sideslip disturbances for tho casos under in- 
vestigation, since the solution for tho time histories of the 
responses for all these cases would require a very prohib- 
itively large amount of tine. 
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DESCnilTIGK CF AIKFL'vr*:S IT.TiJETI'-Ar.D 



The alrplanca whoso lateral notions were inveatic^ted 
in this thaoSs ware designated as Airplanes I and II, respec- 
tively. Tholr characteristics are described below. 

Airplane I is a conventional, slow speed twin engine 
transport. Its force and noBJcnt derivatives arc given directly 
in units of acceleration and are tabulated in Table I. The 
equilibrium fligJit condition of Airplane I throughout these in- 
vestigations is straight and level flight at an altitude of 
7500 feet and a true airspeed of 2d2 feet per second, which is 
1G5 miles per hour. It was oxpeoted that this airplane would 
have a very high degree of lateral dynanio etability. This ex- 
pectation was borne out by the results of those investigations. 

Airplane II is a hi{;li speed fighter type airplane which 
is used in the investigations of references 19). he force ard 
cosiont derivatives of this airplane ara given in referor.eo (9) 
in the fom of non-dir.cnsi onal coefficients. Those derivatives 
wore converted to units of acceleration in Appendix B and are 
tabulated in Table II. The equilibrium flight condition of Air- 
plane II throughout those investigations is straight atid level 
flight an altitude of 30,000 foet and a true airspeed of 753 






4 i 






.ft M 



^■•N I 



F>«»« » ' 

«|4 — *t'> •"••• «X* 

mt ft . AaC ^ iJ f wAit ^ 4 >1 
.pi ^4b*t '« ••»*«* 

ft4 i»**<i.« «a >to — <11 J**«( '^4 

J*4 t 

*^*«•* *JaA 



^J <iH liya 



l^.M44Q«r 



JR« «4t«pf 40 

aariNnl'^ <«ml^ 

W ^ESUI«w* 

Ar« •£ j 

m % 






•i 






• tf Cl 

l•4t•4l't 



E •!■»« Sf •« 

I tB «i»fwl« « ^4 B^U3 




A 



1C - 



faot par second, which is 513 miles par hour. It is evident from 
refaronco (9) that this airplane, although laterally dynanioally 
stable, this airplane is nodcratoly close tc the lateral oaollla** 
tory instability boundary. This wae borne fron the results of 
the investij^tions of tiiia thesis, which, in. fact, showed tliat 
the lateral dynamic stability of .lirplane II sdf^Jit bo termed 
taarjjinal when there are no non-linoarities in the moment deriva- 
tives. It shoulu bo noted U»at t’no flicht conditian of Airplanes 
II in those invest! cat ions corresponded to the case wiiore was 
equal to zero docreea in reforenco (9). lloreover, tl'i© type of 
dead spot non-linearities assuewd in the various moEont deriva- 
tives corresponded to Case 2 of reference (9), 
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PKX-DUIU 

Usinj; tho of th« Laplaoe traiiafora «s outlined 

by roferencea (O), (7), and (9)# the lateral reaponae in alde- 
allp ms coeluted by hand for a disturbance in sidoslip of plus 
five do{;;roos for both Airplanos I and 11, respectively, with no 
dead spot non-llnoarltlos in force or noBient derivatives and 
for Airplane I with tho dead spot non-llnoarity assumed in tho 
dihedral offeot derivative. Those solutions were used priinar- 
ily as checks on tho accuracy of tho Ri-AC, 

Then usin^ Uw R^-AC, the lateral jrocponsos for side- 
slip and the lateral notions and rates of notion In rosponae to 
disturbances in sideslip of five deforces and one degree, respec- 
tively, wero dot'.'rnineu for the various assvi-ed dead spot non- 
linearities in notwnt derivatives, taken individually and in 
various oosibinations. D^eso solutions for the various 

lateral responses wero then used to anal^'ze tlie offeots of the 
various daau spot non-linearities on tho lateral responses as 
conpareti to tfv® lateral responses for Airplanes 1 and II, re- 
spectively, with no dead spot non-linearities . 
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iiAMj ^oLuno’. Jt" ~n: urr-jiL jta -lury ^.vatio::g 

In Appendix C are presented the otability equal ioas 
and the Laplace tranoforn of the leiaral stability oquat! ono 
for initial condition disturbances* Lquation C-2 of np;M»ndix C 
aro the standard iiACA lateral stability equations in which for- 
ces and Bomonts are in non-dicier.sl- nal coefficient forn and tine 
appears ns a aon-dimensio..al parasaotor* TtiCse are the equations 
as used in reference (9)* Equations C-2 are tito sar^o standard 
lateral stability equations but in which forces and »onents ap- 
pear in units of occoloration and ti»e appears directly in sec- 
onds* These are ttio equations as used in this thesis, both for 
the hand solutions and for the KEAC solutions* 

Appendix C also contains tho expansion of the deter- 
minants incident to the Laplaoo transforu hand solution of equa- 
tions C-2* These determinants wore expanded in general forr for 
initial condition t;/pcs of disturbances* Tlds corresponds to 
what was presented in reference (9) except that this reference 
prosonts only the expansion of the denominator determinant and 
tho numerator deterninant for angle of sideslip response, where- 
as Appendix C of this thesis prosonts in additioji to the pro- 
ooding oxpensioiio, the expansions of tho nuaorotor deterainanta 
for angle of roll and angle of jnw responsoa, respectively. 








I 







0 



0<ci 



















.«ti 



*■1 ^ 



% ^ 



I IA/1 %» 





I 



19 - 



It will bo noted t^4it injujitior.* C-2 oontoin constant 
torso, y^, n<;, ond Ic', wliich «ro required for dead a; ot ncffi- 
linearities in 7^ * ^7P® Illustrated in Fi 

uro 1, for dead spot non-l*noaritios in , and 1/3 • refer 
once (9) only tho consti'nt corroeponding to n^, is inclu- 

ded* It will bo noted that tWs constant appears in different 
torcsB in the expansion of tho nunorator deterainant for an^^lo 
of sideslip in ilppondix C of this thocis and in tho crpancion 
of roforonc© (9). The author of referanco (9) has aclmowlodgod 
that reference (9) is in error in this rospoct and tliat Ap:>endlx 
C of this thesis is correct in this recpoct. 



Using the equations and expansions of Appendix C tho 
sideslip anjjle response was coeputod by hand for a disturbance 
in angle of sideslip of plus flvo dogroos for Airplano I with 
no dead spot non-lincarics and with the assuaed dead spot In Ip* 
respectively. Cample calculations for these solutions aro ^re- 
sented in Appendix D of this thesis. Tho responses in angle of 
sideslip for these two casos are plotted in Figure 2. 

Tho response in angle of sideslip to a five degree 
disturbance in sideslip for Airplane II with no dead spot non- 
linearitiou was also computed by hand using the Ijtplace trans- 
fom nethoU outlined in Appendix C. 'his response solution is 
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plotted In Flcuro 3. It will bo noted tljit this solution dlfYsrs 
sooowhvst fi*OB the corroopondinc solution in roforonco (O), being 
very similar in general nature but luring closer to the solution 
for rj equal to minus two clogreos than to the solution for 
equal to zero degrees, which was the actual case in this solu- 
tion. It is believed, but not verified, that the sideslip re- 
sponse solution appooring in Figure 3 of this thesis is correct, 
rather tlmn the sideslip response solution appearing 'n rofor- 
enco (9). Therefore, henceforth in this thesis the solution ap- 
pearing in Figure 3 will be assumed to bo correct. 
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RLAC SOLUTION Til - UlTSRAL 5TADIUTY LQ^ ATUyiFZ 

The Heeres "lectronic Anelo^uo Cotr.puter cc.n tolvo the 
letcrel stability equations directly and in Tery short tits®. 
Lquations C-2 irere used for the E'JVC solutions* Appendix E of 
tills ideals presents equations C-*2, the lateral stability aqua** 
tions and the various Kultiplyins potontioiactor iettings used 
for Airplanes I and II, respectively. 

A tabulation of the various H lAC solutions vrtiioh were 
taad# and their dosicnations for purposes of this thesis is ^iven 
in Table III. 

It will bo noted that In the case of each airplane, 

respectively, solutions were node for the airplanes with no 

dead s|wt non-linearities and a dioturbonoe in sideslip of plus 

five decrees and for the airplanes with the various assumed 

dead spot non-linearities taken individually and in various con- 

binations, as indicated by Table III, for disturbances in side- 

clip of plus five decrees and pxus une decree, respectively. 

« 

It will also be noted that by an intecratlw: proceas, indicated 
in Appendix S, ancls of sideslip was cade to appear ao the ab- 
cissa in RiJVC solutions 1-1 and II -1 rather than tine, trt’.ich is 
the usual abcissa. Thus, in those two solutions Uie various 
dead spot non-linearities for Airplanes I and II, rcapectivoly. 
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are pres©nt#d by the Rf^\C «a function* of angl« of sldosllp Sn 
th* nannar in which tho R .AC applies then in the solution of 
the lateral stability equations. 71. esc two RilAC solution* 
showed that as applied by the RMC, the dead spot non-linear- 
itics did not have precisely a dead spot ran^o extending be- 
tween plus and ninus trro decrees of sideslip ancle and that tho 
disoontinuitios were slightly rounded. Ilovovorf these two sol- 
utions showed that tho dead spot non-linnaritios as applied by 
the RCAC were very nearly exactly as desired, conparing very 
favorably with desired dead spot non-linearities as illustrated 
by Figure 1. 

All othor RhAC solutions wore tioo histories of the 
various lateral responses for the various cases as tabulated in 
Table III. For each R!-AC solution the follcwing lateral re- 
sponses wore recoiled s angle of sideslip, angle of roll, angle 
of yaw, rate of roll, rate of yaw, and ai^' dead spot non-linear- 
ities that wore assuaed for the case In question multiplied by 
the response with idiicli they wore associated in the lateral 
stability equations. Tl.is required that each KEAC solution be 
recorded twice since tho recorder which was used could record 
only four responses sinultaneously. In order to insure tiiat 
the two recordings of each solution were identical, angle of 
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8id*sllp r«8ponso «•« recordoo both tlnac f(^ each solution* It 
was found tiiat for nearly all solutions tlie two rocordlncs of 
angle of sideslip rea^-onse natched one another very closely. 

T}'« aost taarked exceptions to the above occurred in ?. .AC solu- 
tions n-G and II-9* In the case of R-AC solutiorjs II -Ca and 
II-6b the two recordings of sideslip response matched exactly 
in tiorlod but showed a variation of about five per cent In 
their respective peek anplitudes* In tlie oaso of RIAC solu- 
tions ll-9a and II -9b, the two recordlni;^ of sideslip response 
oatched very closely in aaplitude but shewed a variation of 
obout fivo per cent in period. Gliice the goneral nature of side- 
slip response was the sane in both rocordlngs for both cases, 
the fairly srall variations in anplitudo and period, respect- 
ively, wore not considered great enough to destroy the identity 
of the solution between the two recordings in either case. In 
neoi'ly all other solittions variations betwaon the two record- 
ings of sideslip angle response were negligible. 

The recording for each solution of the time history of 
the assuned dead a^'ot non-linearities chawed that for all oasos 
the dead spot range of fross plus to cinus two degrees of side- 
slip angle was quite well •maintained. ;.l8contir.ultles for the 
no’a-iinoaritiee in and 1^' wore slightly rounded but wora 
sufficiantly sl»rp to represent the desired dead spot non- 
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linoarltias very closoly* Llscontlnuitles for th* non-lln*ar- 
Itiee In aj. and Ij.' w«ra quit® sharp and tlius rcpreBonted tha 
doeired dead spot non-linearities very closely. 

Ur^C solutiono 1-2 and II-2 represent the solutions 
for the lateral responses for Airplanes I and II respectively 
wit}i no dead spot non-linearities and a sideslip disturbance of 
five de^’-ees. These solutions wore compared m the basis of 
peak amplitudea and periods with tiio hand solutions for sideslip 
an^lo response for the saice casoa« which are plotted in Fi 'tires 
2 and 5* respectively, with tiwi liand solutions being considered, 
of course, the more accurate. Die results of these conparisons 
are tabulated in Table IV, Also tabulated in Table IV is the 
conparison of aTnAC solution 1-3 with the corresponding hand sol- 
ution for assumed dead spot non-linearity in ip* for Airplane I 
with a iidoslip disturbance of five degrees. It is evident that 
R.-AC solutions 1-2 and 1-3 compare very favorably with the cor- 
responding iiand solutions which are plotted in Fit UJ’* 2, RLAC 
solution II -2 does not compare as favorably' »/ith the correspond- 
ir^ hand solution for Airplane II, which is plotted in Fi ;ure 3, 
However, tho main variation lies in a small consistent varia- 
tion of peak ar.plitudos, end this variation Is not considered 
sufficient to destroy tho identity i.etween the Jiand solution for 
sideslip response for Airplane II with no non-linearities and 
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tho corresponding KLkC solution* On the basis of the above com- 
parisons the is assunod to accurately sol'-o tho latorol 

equations of notion for lateral responses in tlte cases covered 
by this thesis. 

Various characteristic values deternlned from the HLAC 
solutions for the various lateral responses to a five degroo 
sideslip response ere tabulated in Tables V and VI for Airplanes 
I and II, respectively. Certain of tho values froo Tables V and 
VI are tabulated in Tables VII and VIII, rospootively, as por- 
centac«8 of tho corresponding values for tho respective airplane 
with no deed spot non-linearities. 

A number of Hi-AC solutions were included in this 
thesis. Tho tiAC solutions trtiich r/ere included and tl.oir fig- 
ure nuaibera are indicated in Table III • 
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R^iULTL AKLi DltCUSUlOK 

Th« antheMktioal end ph^sioel beok(p*ound of these in- 
Testicetiais heve previously been covered elseiriiere in this 
thesis* Uoreovor, the accurecy of the E -iC cotiputor, os chocked 
by hand solutions for several cases has also boon covered ard 
found to bo reasonably fOod. Thoroforo, it will now bo assuiaod 
that tho K^C solutions for the lateral rosponaes are ccrroct 
for each of tho various cases invest! cated. This section of tho 
thesis will bo devoted to the analysis and discussion of tho ef- 
fects on tho lateral aircraft rasponsos of tho various dead spot 
non-linearities as pr seated by tho R;-AC solutions* that boln^ 
the cjajor purpose of tiie investigations conprlsing this thesis* 

The R^C solutions corrospondlnc to the various deed 
spot non-linearities are listed in Table HI* Various quanti- 
ties relating to the nature of tho lateral responses for a 
sideslip angle disturbance of five dogroes were det« mined froa 
those solutions and tabulated in Tables V and VI for Airplanes 
I and II* rospectlvoly* Using t)>o values In Tables V and VI, 
various quantities relating to the nature of the lateral re- 
sponses were expressed as percentages of their values for tho 
case with no non-linearities* hose percentages were tabulated 
in Tables VII and VIII for Airplanes I and II* rospootively. 
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Thus the Torlous R£AC solutions and Tablos V, .'I, VII, ond VIII, 
were used as the basis for the following discussions. In the 
following discussions, the term "lateral responses" will, os 
before, indicate the agjjregate of the titao histories of angle 
of sideslip, angle of roll, angle of yaw, rate of roll, and 
rate of yaw, responses to the sideslip disturbances* It should 
also bo noted that, except whore noted otherwise, all discus- 
sions pertain to the first eighteen seconds following the dis- 
turbance. 



Lateral responses for Airplanes I and II with no dead 
spot non-linearities 3 

Airplane I with no dead spot non-linearities in nociont 
derivatives has a very stable response in all lateral responses 
to a five degree disturbance in sideslip angle. In less than 
3.5 seconds and 1.0 cycle from the tine of the first osoilla- 
tion, each of the lateral res/onsos is damped to one half amp- 
litude. In less than 15.0 seconds and 4.0 cycles, each of the 
lateral responses is damped to 0.01 amplitude. Lach of the 
lateral rosponsos, except yaw angle, appear essentially as pure 
oscillations with negligible pure divergence from original trim 
conditions. Anglo of roll, however, does show e slight spiral 
divergence after seven seconds, but at fifteen seconds from tho 
original disturbance this pure divergence has increased only to 
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about 0.02 degree, a value which would not bo noticod by tho 
pilot. 



The an^lo of yaw response shor/s tho airplane 'a p.ood 
directional stability, since within 2.5 soconda tho angle of yaw 
has shewn a pure divercenco to the right of fivo degrees and has 
coptnonced a hoavily danpod oscillation about tho value of fivo 
degrees, with an original ar.plitudo of 2.5 degrees. Lince at 
zero tice tho angle of yaw is zero and tho relative wind is fivo 
dogroos to tho right of tho longitudinal axis, tho above yaw re- 
sponse is what would bo expected of a stable airplane. Anglo of 
yaw also shows a slight spiral instability after about ton sec- 
onds froa zero tine. However, at fifteen seconds, this spiral 
divergence is only 0.4 dogroo greater tlyui the yaw angle of fivo 
dogrooa at which the airplane first stabilizcc. *horeforo, tho 
airplane can be said to have negligible spiral instability for 
a disturbance in sideslip of five degrees. 

As can bo seen fTon Table V, tho taaxinuc anplitudos at- 
tained by all lateral responses aro sriill, the mxitauta values ot- 
tainod by angles of sideslip, roll, and yaw, respectively, being: 
-2.G5 dogroos, -1.3 degrees, and -7.5 dogroos. Tho mxiraum 
values attained by rato of roll and rate of yaw, respectively, 
aro: -2.2 dcgrooB/socond, and 6.0 degroes/second. It is to bo 



*/»U« 

•nw /;*#ijN*C '>* • •« i»t * w. “ «i_jLf •►'> 

«fc Ufy'* ► • •Ti* ♦.,<»'• ♦•! 

•• •M t— I •- ->€“ ^ • -* . *• 9 •«■rt^ 

9^>^t * •J»p' *1 -s-^ « «•> 9 ^f ji 

/W ■•.. i' *5.- . • — ilMi »4 *• » 

‘tr ^ ..» ^|« M|^ tl iip> *J *£,^ • ' 9^ 

-♦ *. 4M ,•!»# t*’ ■■J'i i^mf >»* • t 

^ V ••^1 T»« •! rm^^§ ,^j9m t# •mri4« 

* l«%NyV *jX 1 t *w4** t MM 

• r.". 4» ^1 iT V»>^ •/ •- -.^K- *t 

•M .MM«My«i»» •.nt- , • w '« 

»MI . J »J^ ^ ll«i» («4 *• 

• ^-rr. «*'^V «mw.<bJ«.«^ • 




rn»|^ .aM^ 4 im» ,ii.» • <.i»*««c^ ^ s*Jt4ji» ^ ‘.t*£^ 



.►•■T . ,'»> , •• •‘%i»« ..4* •:.&- 

*C^^**^ gftiig. ‘It mV* Am^w% f0 t,mng4»^p mt-l-mr 

Am. , 



•V Al« tf 



t.A- «r»% 



- 29 - 



noted that when the t ra aaxlnuB value of sidosli]> ia used here- 
in, it refers to the naxic-,ua value of sideslip an;lo osc^lla- 
t'on amplltuce attained followin,., but not includin, , *he orig- 
inal disturbance. 

Tie period for one cycle of all lateral r*aponsos is 
4 .I 0 secorjris, ehich would probably be long enough to allow the 
pilot to tabo corrective acticn if be desired. However, the 
anplitudes of all lateral responses arc ao small, and their oe- 
oillations are so heavily dnnj)ed tJiat in loss than fifteen sec- 
onds the airplane will fave return d to an equilibr'un straight 
and level flight condition with no disconfort to the pilot and 
no control action required. 

Thus, it nay be stated •'•hat the lateral notion re- 
sponses of Airplane I witii controls fixed are heavily danped 
oscillations of fairly long period irith negligible spiral diver- 
gence in the first fifteen seconds. 

The lateral motion of Airplane 1, with no dead spot 
non-linearities in ooaent derivatives, in response to a distur- 
bance in sideslip of one degree wculd bo exactly the same as 
that for the five degree disturbance except that all anplitudes 
would bo reduced by one fifth. 
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Alrplano II with no de»d spot non-llndoritioa in bo- 
Bent ('.crlvatlTOfi has a stable response in all lateral notions 
to a five decree disturbance in sideslip. Kowover, Iho stabil- 
ity characteristics of Airplane II are ftir leas desirable than 
those of Airplane I. !Thls ia to bo expected, however, since in 
a transport type aircraft, ood stability characteristics are 
of priB» Inportance since they insure smooth, ocrfortable 
strai£^t and level fllj^t, whereas in finhter type aircraft, 
on the other hand, olthoujh dynanlc stability is required, soae 
stability characteristics must be sacrificed In order to insure 
good nanouverabllity characteristics. 

All lateral responsos of Airplane II are pure oscilla- 
tions with necliciblc s^/iral divorc®nco. At O.G seconds follow- 
ing the disturbance, yawariglo has attained a value of ten do- 
grees and started osoillating about plus flvo decrees with an 
initial amplitude of fico decrees. ?ai 3. Airplane II also has . 
Cood directional stability, allhouch its yaw oscillations are 
uore lightly dasqjed and of larger anplitude tiian those of Air- 
plane 1. he various lateral oscillations require over four 
seconds and about throe cycles to danp to half anplitude. .’his 
can be seen fron Tables V and VI to bo about twico os rar.y sec- 
onds and about five tines as sany cycles as required by Airplane 
I to dnnp to half amplitude, boreovor, at fifteen seconds fol- 
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lowing, *:he disturbance, the lateral responses of Airplane II !'.aYe 
^ust barely been daspod to less t?axn 0.1 amplitude and have os- 
cillated thrtiu^jh nore tlian D.5 cycles. This conparee very un- 
favorably wltt Airplane I, arhose lateral oscillations !;avo con- 
pletcly danped out by fifteen seconds. 

The eaxiaua values attained by the lateral responses 
of Airplane II are relatively high. They ar as follows: angles 

of oidoslip, roll, and respectively aro -4«C dogroec, -14.2 

degrees, and 10.1 degrees j rate of roll and rate of j'aw, rocpec- 
tively aro 52 dogrcos/second and 21.5 dogroec/secend. All of 
those values ar* hig^ enougf; to bo quite noticeable to the pilot. 
The naxinua roll ar.gle of -14.2 degrees is on tlie vor,t> of being 
too large to fit the assunptlons of the tJieory of small oscilla- 
tions on which the lateral equatioru! aro basod, but it is not 
largo enough to laako an appreciable error in this solution. 

Tho largo oar.laua rollin*^ and yawing velocities occur within 
the first second after tho disturbance ard coupled with the 
shorter period, which is 1.5 seconds for all lateral responses, 
would cake the motion very unconfortablo for the pilot who is 
trying to fly strai^t and level. 

Thus tho lateral rospoitses of Airplane II, with controls 
fixed, aro moderately danped oscillations with no spiral insta- 
bility. 
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7!;a lateral roa« otusos of iiirplane II vltS no dea<‘ spot 
nor.-linoaritlas in ros.KJnso to a cliciurbar.oo in slclaolip of ono 
decree would ba axaotl^' t!\e saae as the reaponso to UlO five 
dO£Toe disturbance in sideslip except tliat the atiplitudos would 
be reduced by ono fifth. 

The difference in the nature of tho lateral responsoa 
between Airplanos I and II in response to the eamo disturbance 
oan be oonsiderod to c^nfora to known thooi’y. As can bo seen 
froa Tables 1 and II, tli© most Barked difference between tho 
chai*actori8tics of Airplanes 1 and II llos in the difference be- 
tween thoir roepectivo dll'.eciral effects and directional stabil- 
ities, both boin^'; {greater for Airplane II than for Airplane I* 
Voreover, tho difference in tho dihedral effects is t^rcater 
tl;an the difference in tho diroctiorial stabilities • In non- 
dicorisional coofflcient for these difforonoes would be ovon 
r.oro parked since (qSb) would bo snallor for Airplane II tlian 
for Airplane 1. Kow igure 11-3 of referenoo (l) has boon in- 
cluded in th.ia th.osis as Fi,;ure 4« Fron this figure it oan bo 
seen that there is a certain range for a particular airplane 
over whicli dihedral effect and directional stability rmy he 
varied which will give lateral di^naardc stability. If a oertain 
airplane lying in this stable region had its directional sta- 
bility held constant and its effective wing dihedral varied so 
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that the dihedral effect becoeios croater negatively, the oscil- 
latory boundary is approached or crossed if the negative in- 
crease in dihedral effect is groat enoup^h. Conversely, if the 
dihedral effect is decreased nogativoly, the divergence boundary 
is approacJiod or crossed. Heasoning on this bos^s in very gen- 
eral teres, if it were assutood that the min difference in the 
clmractoristics of Air. lanos I and II wore a noderato difference 
in directional stability derivative and a largo dlffcronco in 
dihedral effect derivative, t}.en Airplane II would bo expected 
to bo in the region of tho oscillatory boundary and Airplane 1 
in the region of tho divergence boundary. Such is apparently 
the case, for as previously shown. Airplane II is in tho stable 
region with no spiral divergence but with relatively lij.htly 
danped, short period oscillations, thu.. showing it to be rela- 
tively near tho oscillatory boundary. Airplane I, on tho othier 
hand, is just barely on the unstable side of tho divergence 
boundary, since it has a very niid spiral divergence and heav- 
ily damped, longer period osoillations. Thus, as previously 
stated. Airplane I lias boon pormittsd to >avo vory nild, prac- 
tically unnoticed spiral divergence in order tliat it ray have 
very heavily damped, long period lateral oscillations, wlieroaa 
Airplane II has been permitted to have only moderately well 
damped lateral oscillations in order that it nay havo good 
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rmnouverabllity charactoristica. Korrover, in this caso tba cor.- 
bination of low poriod and asplitudea laake tiio lateral 

stability cliaracterlrtica vary desirable. 

*yedlctoU offocta of dead a,.ot non-linoariti’ s : 

It would bo very difficult to predict the offocta of 
the varicMM dead spot non-linoariti oa with any accuracy witl'.out 
actually aolvinj the stability equations with these non-liiiear- 
itios included, was done in this investi-atiem. Uesrovor, by 
reasoning similar to th^t in t!:o preceding paragraph, the ef- 
focta which the non-linearities could be enpocted to have lay be 
predicted in very renoral teriwi. 

Following the lino of reasonin,,, of the preceding sec- 
tion, a decrease in dihedral effect to soro witli all other air- 
plane clioractortistics hold constant would, in accordance with 
Figure 4, be cspocted to increase the dan^jini. of th" lateral os- 
cillations and to cause spiral instability. In the cose of tlie 
dead spot non-llncarity, the dihedral offoct ia only zero when 
sideoUp angle ia between plus and ednuo two do^jroos. Ilovorthe- 
less, the general effect woulo be expected to bo tiiat stated 
above. 



wicilarly, tlio reduction of directional stability deriv- 
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alive to aero when within the dead opot would be expoctod to 
I'jtvo the general effect of taodifyinj; the lateral oscillations* 
However, since in this oaso dihedral effect would bo hold con- 
stant, the dead spot in directional stability dorivativo would 
bo expected to prisorily affect the lateral oaoillations in a 
respect other tlian daapin^,. Thus, the dead spot in directional 
stability derivative would bo expected to prirnrily affect the 
period of the lateral oscillations. Tills aj^roes with tho state- 
aient caado in r forenoo (9), statin^ that tho dlroctiorol stabil- 
ity derivative is siadlor to tho sprint, constant in a sprlnc- 
dashpot systes. 

The danpin^ in yaw deri\'ativo, os can bo seen fron its 
nasio, Ir well known to affect prinarlly tho damping; of the lat- 
eral occi nations. Tius, tho coneral effect of tho dead spot 
non-linearity in the danpin^, in yaw derivative would be expected 
to consist of a reduction in tho danpinc of tho lateral oscilla- 
tions. This Qsroes with a statooont node in roforonco (0) con- 
par in^ the daapini; in yawinc derivative witli tlio danpin,-; con- 
stant of a spring-da shpot syoton. 

Tlio general effect of the dead spot in tho rolling 
monont duo to yawing velocity derivative would bo difficult to 
predict. 
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Sicultaneous coiabimtionc of the above dead spot non- 
llnoaritleo youlc! aleo l»ve effects which would bo hard to pre- 
dict except tliat it silcht be conjocturod that the individual 
effecta od{]ht be auporiaposed on one another. 

The effects of the various dead opot non-linearities 
will noe bo described and discussed in very {^neral toros. i.x- 
cept where stated otherwise, conparisons arc made with the later- 
al responses of the airplanes for the case with no dead space 
non-linearities . 

-Tfect of dead spot non-linearity in Ip': 

The prinary effects of the dead spot in Ip* wore a 
narkod decrease in anplitudo fca* angle of roll and rate of roll 
for both alrplanoa for the five degree sideslip disturbance. 

For Airplane II, the daciping of all lateral responses was nod- 
erstoly Incrcosod for the flvo degroo sideslip disturbance, 
whereas for Airplane I the dancing was essentially uncliar.god for 
all lateral responses. The of foots on the period for the five 
cogroo disturbance wore negligible for both airplanes. The ef- 
fect of this dead spot for the one degree disturbance in side- 
slip was negligible for both airplanes e cept tliat both an^^lo 
of roll and rate of roll reminedl rero for Airplar.o II tl.roughout 

I 



the solution 
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Lffect of doad apot non-lin*»arity in n^: 

This non-linoarlty }>ad tyva effect on Airplane I of con- 
siderably lon/Ttheninc the porioda of the oscillations of the lat- 
eral responses for the five do£jroe sideslip diaturbanoe. In ad- 
dition the mxicum anplitudos irore, in coneral, increased soiae- 
what and the damping, was sonewhat decreased. The effect for the 
one decroa sideslip disturbance on Airplane I -seas cinilar to the 
above except that ell aaplitudos ronainod snail, less than one 
decree or one decree per second, rospoctivoly. Ko spiral divor- 
gonoo was evident for either of the disturbances. 

The effects of this non-linearity on Airplane II for 
the disturbances in sideslip of both five degroos ond one degree 
were the sace as for Airplane I with the sideslip disturbance of 
five decrees with the very najor exception that Airplane II had 
a rapidly developing and extreooly large spiral diverconce which 
rado the airplane's lateral stability characteristics extreraly 
unsatisfactory for both the five degree and ono dogreo sideslip 
disturbances * 

ijffoct of dead spot non-linearity in Ij.': 

The effect of the dead spot in Ij.' on Airplane I for 
the sideslip disturbance of five do£p*eoa -noro vory snail. The 
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periods and na^^inum a^litudes of all lateral ros^orisos Tror* os- 
sentially unohan^od* The tine to da«p to half ewplltudo of 
an^^lo of roll and rate of roll rospor.aos was eocewl'iat doerMSod, 
whereas it was sllj^tly increased for the other responses* ?ho 
tine to c.aB|) to 0*1 nsplitude was sll{;1 tly increased for all 
lateral responses. A sesall spiral divercer.ee was evident which 
was sosewhat c***»atcr tJian that for the case with no non-linoar- 
itlea. 



For the case of Airplane 1 with a one decree distur- 
bance in sideslip, this non-linearity laid t!» prlnary effect of 
producing a spiral divorconco which, thouch snail, was appreci- 
ably creator than the spiral diverconce onoounterod In Airplane 
I with no non-lin-arities. All lateral resjjonoe oscillations 
wore of small amplitude ano heavily danped. 

-i‘foct of dead spot non-lin arity in nj»i 

This non-linoarity had the effect for both Airplanes 
I onci II for disturbances in sideslip of both five de;^;i*oc3 and 
one deerte of roduc* nc the danpinc and leevinc; tl>e period un- 
chiancod. However, the reduction in damping for Airplane I, al- 
thouj^ appreciable did not nake the stability clmracteristics 
of Airplane I unsatisfactory, whereas the resr^juse oscillations 
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for Airplane II boottoe neutrally d«»ped for tho five doi;ree dla- 
turbar.oe unstAblo for the ono Uegroo disturbance, thus nakinr the 
stability characteristics of /lirplano 11 unsatisfactory for this 
case. 

Cus^incd dead spot non-linearities in 1^' and Ij.*i 

Tive i»*lnary effect of this set of non-linearities on 
tho lateral responses of Airplane 1 was to reduce tho oscilla- 
tions of anfle of roll and rate of roll responses to ouch an ex- 
tent that an^lo of roll res .onso was a pure diver cenoo by three 
seconds follcerini; tho disturbance for the five degree sideslip 
disturbance and ty one second follcwinc the disturbance for the 
one dogreo disturbance* This divorgcnce vras not pronounced 
enough to bo object ioimble. 

Coabined dead spot non-linearities in and nr* 

The prirary effects of this sot of non-linoaritios on 
both airplanes for both sideslip disturbances were to reduce the 
daaplnt,, lengthen the period, and in sost cases incr«>aso tlio 
Faxlttun aaplitude for all lateral reapcnacs. For Airplane I tho 
tagnltudo of those effects T/as not objoctionablo. For Airplane 
II the lateral stability ohiaracterlstios were nado unsatisfactory. 
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For tho five degr«o dloturbance in sidoslip of Airplane II all 
lateral raaponsoa beoano neutrally uampod at fron 0.7 to 0.8 
of their initial aaplitudes. For the one degree disturbance in 
sideslip of Airplane II, all lateral responses became unstable. 

Combined effect of dead spot non-linearities in 1^', Ij.’, 
and nj.: 

Tlie primary effect of this sot of non-linearities on 
the lateral responses of Airplane I for sideslip disturbances 
of both five degrees and one degree was to lengthen the period 
and reduce tho damping, each by a nodorate amount. l'.oT;over, the 
tendency also was to reduce the oscillations of angle of roll 
and rate of roll responses caking angle of roll response nearly 
a srxill, pure divergence throughout the major portion of tho 
solution for both tho five degree and one degree disturbances, 
respectively. For tho one dogreo sidoslip disturbance, tho di- 
reotional stability is very poor with angle of sidoslip oscil- 
lating about 1.3 degrees. 

Conbinod effect of dead spot non-linearities in 1^’, n^, and nj.t 



Tlio major effects of this sot of non-linoarities on 
Airplane II for both tho five degree and one degree sideslip 
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(Usturbanoee j reapootivoly, wore to Incroaso tho psriod and ro- 
duc* the danpins of the lateral reeponse oecillations* l!awo'W>r, 
the atabillty charao tori sties for t)ils case, althouch mrginslf 
oould bo considered aotisfaotory and are much le^rovod over the 
OQSO with dead spot non-linoarltlee In both and n|«. Thus the 
deed spot non-linoarity in 1|3* showed a very stroaj, danpin^, ef- 
fect on the conbinod dead spot non-linearities in and nj.. 

This is tiw effect which would bo predicted if the results for 
the dead spot for Ip' alone wore superinposod on tho results for 
the ooQbinod dead spots in np and n^.. 

Althout^h the results proeonted in this section show 
sos» agroenemt with the siKple prodictior'.8 attoaptod earlier in 
tho section, it is obvious tiiat for mny sort of accurate 'ndlca- 
tion of the cffocts of various dead spot non-linearities, the 
actual responses Bust bo solved for as was done in the in^ostica- 
tlcns of this thesis. As an extrojw oxanple of this it may bo 
noted that tho violent s^.iral instability caused for Airplane II 
by tho doad spot ncm-llnearlty in np would be conpletoly unox- 
pectod in a nere ^oneral qualitative analysis of tho situation. 

Hesrover, inasnuch as the results of this thosio show a 
Cer.oral siailarity in the trends of the offocts of tho doad spot 
n«i-linearitlos on tlie lato.-al responoos of Airplanes I and II, 
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w?'.ioh differed wldoly In tlialr charjictwristics, it is believed 
th4it tl» conerel results of this thesis for esch of the air- 
planes could bo applied, rospeotlvely to airplAnea of very sln- 
ilar characteristics. Interpolation of the results* for Air- 
pianos 1 and II, rospoctivoly, for an airplane whoso choractor- 
istics differ sicnifioontly fron either of those would probably 
lead to incorrect conclusions in nany oasos. It is believed 
that if an accurate estimtion of the effects of any dead spot 
non-linearities are desired for a particular airplane, then the 
lateral responses to disturbances of Interest should be solved 
for that airplane, as was done in the invest! cations of this 



thesis 
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COI.'CLUSIOWS 



71ie najor effects of 
vostigfctod in this thesis wore 

Dead spot i'h Ip' » 

Dead spot in np: 
Dead spot in Ij.*; 

Dead spot in n^.: 



the dead spot non-linearities in- 
found to bo as follows* 

Exercised a nodorate increased 
damping action on the lateral re- 
sponse oscillations* 

Acted to Icncthen the period of 
the lateral response oscillations. 

This derivQtSvo was zero for Air- 
plane II. The effect on tho lat- 
eral responses of Airplane I wore 
nepiliglble. 

Acted very narkodly to reduce tho 
danpinc of tho lateral response 
oscillations . 



Tho effects of cotabinationa of the above non-linoar- 
ities appeared, in general to bo a superposition of tho effects 
of the non-linearities actinc individually. 

The cenoral trend of tho effects of tho various doad 
spot non-linearities were, in goneral, the sane for Airplanes I 
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ar.d II. Ilawover. tha rA^ltudo of Uto of foots mns smcl) creator 
for Airplane II, the leas stable airplane. 

Dead spot non-11 near i ties In and nj. caused aoow ex- 
tronoly unstable and dan£.«rous lateral roaponsea in Airnlone II. 

If an accurate appraisal of the effects of any dead 
spot non-linoarlties in coewnt derivativoo on a particular air- 
piano are desired, tiie lateral responses of that airplane trith 
tlio non-linoarity inoludod Bwst be solved as mas done in this 
thesis for Airplane I and II. 
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Thezi: 



fK-oioO" kl) . 

% 

Ei-^[cosXjlEp~^/sK'^~^'‘^K}('^Er ■ 

BxfO(iP5ioA oB d,~ fiM' Ai(i‘^'l-^,(^^-hC,6'^ -hD, E -hF^ :- 



A , - /}„ [u^O- !<XAx'kl)\ 



B, '4,^/^ j; -/?r- >^i,-}'f,)]-l-0o^‘osyJi-kEAkF'l 

k(D0U%(/-kX/klkO] k 'Vol^SinlC, C/-AL//i kF] ■ 
+(oy)o£f^r~k^o)(/-k%/kAl)l -^ffc - 

C - /. h^o ( Ip k’r ~^Ap) '^!^a B^I^OS ^ (- K~k^r-~ ^ 

t(O0l\lpijf-<jpHr) U«i<io% -HpH,)k (-YpUc 



"Z" 

f ?*>* J; >'S^ Yr '"r - 'V " 

■h (Pi'i ['‘AYi ^‘kp”' ->’p‘A)HYr<-. 

5, -0cLitay/Yf,nf-nA'r)^^O<^l^P''’'K(p’p ^ ^ ■’r"'"/-^ 
k'%b<‘''y>(lAr 'K^pAkBikY b‘°>K>Ok k Pr)kjsi^(-^^^Pf,-}p^ ■ 

-}- ije LjL l^r "^f ^7 ^ir 5 ^ ^ ^o' 

+ J^^/k^cos r, /-?; y-5 (u,-<jr)l. 



_.z ^0 (Ip k ■ 

L W -<d^-k^ci^<6p-(^-‘4^')l . 

t AC-Jk 



• « 











I 



• I 







tyjOCXiisioi of -t ■hOi<^ -j- B 2^ j- :~ 

A^-<!^,L^o(i-i<^Ji<li<i)] 

■k(V0i[uJh 




0o hr’^'s -^p(^o Ir f^o k)^/? + '^r -, 

-f- (l}j^o-^/3^r ^0 K) k kr^^ f^/’Wj . 

k(kWkikl)lj^ 






^'00 ^ ^ k^f^ ^/ 3 ^r 

k Pp k^p^0 kyc^0ke^ . 

k(O0)J.%^nr ^fk(kyJ[0^O^Uo''f^(j^i-cj^ 

k^olJ^^^‘^K> kc-a/kx] kCkk^J^D^ijr^}^ ^ 

k/^o l^S kUo>^^ ^rJk^c ^0 ^^/3 kc/o^^) 

k ^c (^oW'^/S kxa /k^) . 

kz - Op^A^^p k'iD^l [^Slpk^o ('^p kxl/k^j] 

k^oCp'o^K (^f^/3 ^pJjkfD^j, Z5 Sin ^o(^^ki^p ^7//^)] 

" 0 p 3 ^r -‘^/3 In) k }'t h/S {( 4 o-(dr)]-^c[lp (^o~<jn)Hp _ 



k\~ U('^/S^^''^K)'k 



I 




1^ )cpit^sioti of Aj- fj(dj-A^if‘* -f f ■ ~ 

A 2 ='tpo Bfo 0-k^tykl k^ ^)] 

'Ako&^p^^o *^p ky^/Ay~ ^o ^ r k'x^'^k^ k^pky-g^k^k^J 

f-(OAf'iC^oC/-CA%^)] 

'-■^o[f>„‘^A-^r'^fl- ‘^o ''>/’ ktjfil'p- Iffi knr (j/! + u„ l^r 
~‘)A ~ ‘fokf>~‘k>i^/! k)ii/A'^ k ffp k-y^/k^k^J 

k(O0)„ Cu^Hf, fu^ kA^ }p Al AAI 

/• I'e ( (^okA/ki) -k k^(u^) 

h = % [c<. )j} )p -‘jt ?P0 'kky3‘jfi 

— 1^ COsYq'' ^f3 ^ ^p^^pS^^^^okx^/ky'J , 

^'(D^^oC'fpfjp'fjp^p f^^fci/k^)(^pljp -<jp 10 kAo Igkf, 

(<^fi f /i kkA0 kf'fK,/^p -!jflki/A)->^Acj^ k^, 

^3 -'k'o Ar )!$ K scosko] k(ff 

k 0o [Hp/p gwr^-/fp 0 ^eoi/0 kAopX //fpSco^K k^S'^fl'c^iAi] 

kyc Opifp -^pyp)k kAn^ljp -l^pklp) kikf. (ij^ kp -)pbp^- 

^3~ ^c. ^ ^ ^ ^c. 



o-(. 



A/0/ye.t^cLix D. 



^ ^ 



Aa /ct<ktiam for So/c/frons for Z^&s/Joi^se 

iyi' Usinoj Afe/'ft^d of La Tra>^s/trf4^ - 



Ai/p/cftial dead spof r7pH-/f'nenP/dij ' 

L)/ifo((rJ!jayice •" D)sTurfjai^c.e sft{/^//‘^aiijfr a*f/cy of 

C.e. :- ~ S,0“ O.O S'^2 C>6 7 kaU la^r- 

(T/j£ re sa/fs of diis cotp^fafiot^ are /o/of fed ii^ ft^. L). 

(fsitiq ^he dete nantexpJi^slDHS of d,\x C £t^d f^e 

of A{ irr}fdae J. fro>^ TAf^L^ X ‘-- ^ 

/ OcfsiJe fie de,J spit 0 ' ^-U 3 Jisecr‘, 

? nfh-er (I I i j jSii~ i f ~ 

/ {A^ofe fhai fkroiM^hoaf fhe fo//otu^'^c^,o//(;oeffKieAitfyfsXi/U&i a^^Zde.). 
^ F((f)' cr^i-8A//(T^77.70f67S<f^-h 2d747)/2S(f -d/5'87>0dZB . 
rYa)=4.0a^fZL77S(j'^ hs: 4//j4(>(d t-zo. 740 /z7 



f, (d) ^(fZo ) H/J 70 ^ 78 S(Zi 'Pli]cr^fC 444 / 7 p,m 8 d 776 0 , 

7 O.mOS 78 f(D 0 )^ - 8 .S 7 /}Ao ]( 7 ^ f[O.y 9 /(fO 7 O 0 lfOMS^fe 7 rz(D 0 X^^-^^^^'^^^^^ \ 
to.o(,o(>i 87e](r 1 0. oj/szfsss 

M = JTf>j/'V<y-S//4 ^rO0lJ(T*-f^-7O%74p,i-O.6^/rH-^/-trH 

-SiOJZ 7 /Si,tO.nS 7 O 6 /dl<^i-[^O.O 7 om 0 o i-Z. IS^ 747 O 0 X H^':i 2 S 7 d(oAo I 
->-/./ 4 79 9 SzA^ ± 9/0ZjSZ<Uj c 7^(o. C>9- 0J9-/J7z)6‘ . 
%7e)-('V'J(r^'tf8.9//^ 7727 ^JJct^+[ 7.709’97449> 7^.4/87O^rl-0^^^^fPA)o 

f- 2. ZZG 4pdJ (T^f[Z0. 740/ZJ'yi 7-0. 3 7S4(Pdf)c f O.Z 9^ Z40o 

- O^OZS-o/GO(O0)o H9. r-«24J2/^^ +0.0Z7Z4370S9^6' ^ 

[-7)JS6(>o 9J/'Y'^ fO.US7UOiaX f2.9CO78//0^fO.29624f7?.0)o 
% 0.00479946^6- f 0.0920 SUS . 



jdSf'de fhe dead S7^f, i 

p(6) -6'^4'S.3ll6^-t 7. 705-6736-'^ HS.003Z40 6-0. 485 736$ . 

r'(d)-4. 06 ^-i-ZC. 7356^HS. 4H34f>6 f/S.0o^Z4 . 

f(d)' (f)6 "^f[8J^3Po fOJ330d T8fpt>-Xdldo]6 ^-h[4:437 7/?o H/6Sd 77(>0^ 

ro. U 9 OS 1 BS(D 0 X - 8. 3 094 ^) J 6 ^-tPS 9 /oo 3 O 0 ^ fao 6^63 7 S 2 (O 0 X^O.V$SiSWO 1 ^ 
^d)'=(0y^fC8.9//p^4rO0^^ M G//0ffAJo-^7C.rf7^]6^ 

4[/9.O63Z33Sd>o-^Z.2S4974(O0X7-O./S47o(7>f)o f 6^ . 

(^^)6^7k9//0%i<0d)f}6^f [7.766 j 

^ iA^hefever fu>o occur /Vr Htexe defert*fiy/A*t 7 ^vct/uof/oc^i^ Hie tipper 

sign ^i>rres/)ouds fp posiH^* OnJ iZfe /cufer fp ipe^af/i/ep. This is <bif fc Ip 



4 ^ 




D-Z. 



! 



The f-LOo iT€^/>^06fs 0-f F&J 6(j ' T/o^n^rs MeT^od '. 

Usi^m i-lfese /oohj uj(is ^ qa^d^aiie. 

M^raf-it k ^45 fhe^ soM fh^ co^ja^of'^ pair of co^/}/ey roofs. 
The foofi o-f r(s) cOere fho(s focieU fo be^ ^ - 



On hide 
Hie Oe*i 
Sfoh 



f\=o. 



yoojdzs^z^ 



AZ.'~S. ZBSZS^Z - y, , y^-y^L'0/.f6^JTS** 

X.,--03nU8H3*USil A‘n7-/'>S'^(> i,a,.si4-}7S’ 

\.7-0MlUZJI^-i l.^fZ^T'-l. S84^/S7e 



Itiside 
f-heOend- 



(\-a 0Z54S/5 
\?,^--S.26’r38hZ 



\S 71(^1' 



\,---0.i7SSS!SSi-il.^8&T8S7HSlSoi2oe ' 

A,, = -0.8'59S3liS-c:i.4^i JSSl-/. ^ZS!%>ZOe- 
Uii^a W aU^'e rods, ^asera/udei w,H,^ m fo/h,.irc, resc^/h: 

(F'C> , ) -- 20. Si9/9 7f « 

MSUj r(\)^ ,rr,sM7‘ 

/ fhl) -- 0;\-3umc.‘se 

«S/Wi7 arH^ife ahora 

fooh fof FM ^oahide i^ede^d spot; f^CAri/) 

nJere ffi^/uafed for the firsf porfioei of the 5o/uFoi^iCc4*7t>/ the 
decid s rot f^^at^dctetj ^ P~2.0°^ jseeaohed). Th& fescdts qs To//ouds> 

{C^ = 0.01101/09 ^Q,) -0.04/7 37 8d f^-O.0S2HflZ> 

icx)z 0 ?>tf3] ^0\AH970439 , -»sl^ 

(dote that before e\rtr/cf4tin^ the pf^cediaie^ fui^etio/is^ Art 
ca^tel/ed cx^t o)here^/er p^ss I hk between the am erot or a^d drt4om/,*4ih>r 
of ilAe fCi l)etfi\/e Heoaii/de Sxr^i'iS/o<45 <?s or p^^e C-J of 

fitfferdi^ C ^ /• 7 
fke abouc vode^ ir the Heau,Y,Se IExpe>^^io^s or pi fe C-S, 

the foUotui^e) ecfaaFons r>ere fou^bd for Hfe /aiero/ responses fuact/ors 

of tiiMe:- (t- 1, Mr ^ 2 SJ 289 ?xif 

n'-o.o7Zi>707Zfao7S5ime + 0 . 0001922 . 44 ^ 7 ^ 

‘ uoem4s4e^^'^'%5lF.5r6m^^S8.<msi>-,^^^ 

0--aZ93O9l35UZ6247)3ooe‘^°^^‘^^^^^^-Om37S2m'^^^ | . 

+O.0B/00O 7Me°- 26897^+t*^^^ 



0-3 



di^fe/enh'ai-io^^ of fc^te oi r'o^f QH(d 

^af’e cF ctauy> u^hieh -fouh^d to t^e fo/Zoi^s ■ ~ 
O0'-O.Oozooo9J47e^-^^^^^"''^^^^^ 

^0. 008Z9 79S5je'^ ^S2i3 7 *itx8S. 9i- 89^ 

'0. 0^dS^S215e^'^'^^^'‘^s}r}(/0t>. 9^2(o37%t^8S. ^480J;fi(iyscc. 
Df--0. Z28/S273 H).3E764Z72e°°"''^^^'^^^'^daooo 9f^S 97/de 

-0Msizi3i>(>er^^'''^‘^'lL(i(>8.2^m^+t-x8eMss'^) 

-a/2rr49d3e‘^^'^^^^''!s%(/^3MJ7Vty86.9^dS%rA2/s£c. 

The pfecedi\/\a expir^^/>iotn5 for Miera/ responses era Yt/Z/d 
Oirfij urFif ft/e deoci 5 poZ Zor>^dcif^j ^ p : /-Z.O^) js firsd crossed. As htiA 
decfd Spot bou'iclerij is crthscd c^i/iofhrr' ^ef~ od 5o/ut~ions for the 
/afe,rt^l respoy^ses y>^usf be fou^td ^esZl/e m- (^t^plene /j theyi uo < -hhir) 
the dead spof. 

The procedure is as fa/Zou/s-^ai/id /> bhe /procedure cjirert 
iy) re Fere rice C9j -* ' 

/d as ^/ren or fhe Z/oftoy^ of pa<je 0~Z was era /ua Ze d iyyde4jrers 
erertj 0.2 secord siarFira qF zero ti ^e uyifi f aralue •{ /d U ss 

fhan F 2.0^ Ufa s reaC'hed. The r'esu/fthy^ curye was /^/e/Z:d o^f 
ZT/c^.t. Fro^ d Zhe approxitraZ^ TZ^e aZ >oZi ich Zhe dead s/aoF 
houadaricj u/as crossed was four d Z~oZie 0,78 secor ds 

This T( we jCt- 0.78 se cords) ^r/as subsfituf«d /> ZZte preced/^t^ 
OCjuafiors for the Zc(pera/ res parses. This (^ 0 \/P Zhe eyacF i/aA/ej 
of a II iMe lateral \r<LSporses af 0.78 seecyids^vrh ith was aouf 

assuuAed to he ZZee F/h^e aZujZtZch fhe dead ^ pof Ztounddr'fi 
vjas wf first cfpssed ■ Th/t fPsuZZ/r/^ ra/ues for tZfp Za/tera / 
resp orsos \/dQr& used a s ZZie ZfiZZ/c// eotrdiZ/oius for r/epF 
sec ft or of tft^ ' so/utZor}j cdhich was , 0 -F coc/rse^ itrside ZZ/e 
the dead spoF' Zji'r^ these iriZZaf co^Zi t/ous^ tZt/s sece^id 
porFior of Zf/e s'oZuZtari was forr^a/afed pyaeZ/f/ as w4s 
dore for fhe first port for except ZZf'e varrous va/urs 

perfaiiAir/j ‘io^fhe dead spot Z/nr/B tt se d • AZt tafera/ resportses 
were fourid Zir this seeord portion of Zhe so/u tZ On > For purposes 
of cOb>Aputatior , tiyue was ZuZen as ^Pro at fhe be/irnir^ of 
fhis oecond port or of the so ZaZ/on- TheZS) this t'we was oddod. 
fo 0.78 se cords, h> (^J\ye tirrP Y/fiCf v expect Zo the Z/e(/irrir^ oF 
the entire soZuZior ■ The t)u4e for the secord cross ir^ of the dead 
s^of boar dor<j , p- -2.0^^ y^as fourd as out /ire d ohoue For the first 
crossias^. The ya/aes of the /ateroZ /espouses at the seeoreZe/eed 



0^. T 



spof tJetre as iyn'h'a/ C(M<it f'lOns foir ■f^'e 

/ArV<^ po/ho^^ of the cjl^ic^l] Y^^s ouhi<^<T c/e4d 

Spot. This piToeedu^e re /Je^-f-ed eaclf H^*fe f/te d^d 

5 poh Isound aries are c>r6ss*d . Tfjdj r*se 

dead 5 poi ko^^da/ips s*^rre crossed /Au$ die re 

ijere fo«r port;o>*f, of ffse fof 4 /jo/‘^To^, dhe reo / jo ^ se ,yi/3 ^ 
reAoai^dj ujiffiin ihe dead spof- d^/Ou^houT Toyy M porTon. 

Tde co^difions a»nd -fhe equa f/'e*i -Tor/d re s/Jo^se 

foreatf* porho>^ e-f- Hse so/uf'/on are t/ei^ he/ou) 



r- .LO±- C ids ai' 0 iecoiide- 

Firrt rortoM\ . /7 ^ /l^z: 0-03 7^^^ 7 rad/a^3- 






d^M2i7m4A0Tff/^82e—^ 

' -t0.08^SB‘7^4e‘ cos(-7.S7(,mU txSS.BiSS °)/rtilM. 



S9(0ti(J florin 

of Sokdioi* 



( ^ecj'ii^s Oct 0.78 seeoyids. 









diHd 0o>4<iUv-ts:- ^p^^.oysh'ss^orixd:^ d^-'0. 00&ZZZ8d] (D0)(/O.ooZ/oS'l2ft»l/set 
Ur. ' 6^S^dUadiay,s\ (D^h ~ 0. 09S'079?2 ro^ddsee. 
oooozz7^ome^-^^^^^'^^U.oooo 

■hO.0 iSj3 83 cos{S9.9Z84SV^xSSjSi3fJ%ya<iiort 

r Bec)}^i ckf /b3 sePO/ids . 

TiHaf CoAhons:-f ---C.OSSDZio/ZradCa^s] C§^ -aoojSd-7BSr*dia^s) 

"" Uod)--O.OiZl8‘3midec;jd3-'OJ/S7>Soi7^^ 

(l'0.072b7O72-0. 07432 

L M 0^756 (/3d. 0/C>6/S^ /- 1 )( S3$94S^pYad,o^s. 

C Bec^lYti at t.4C seconds 

f^pti'oiTi iiOi/i'af CiM(iltlo4i‘‘'\ p^^^-O.OZd-dOSZlvQji^os) 0gd).O//J847d eetdii^s') 



'a<\ 



0 i' Solytifhi. 



(M =0.006373/6 red/spc:, ^ -0/2018 drti4.\i 






fi-o. ooo/bZ94B09 0 . cooassi zuod 

i0.$388i/6S^8e"-'"’^^^^'’'’‘lor^S*.i74sntx85:iSi3ir;'-‘'4, 



/y? 



The res forse ir 0 ^ •> for /^^=T.0° for A/pf^^os Ta^d IT usi/h ro 
ro4-//rear//ies’ re<7c4/re oyt/^ f-3ie ca/ca/a/-/Of7S Oso^i/tded h ohTa/f 
pi for fhe tint poefio/i of f/u's so/u//oyS) fdycr/jf d/ 74 / ^^ 0 / of 

Coarse ro ofioer iaferi/ responses reed f/e cc/cy/h/ed m di,'s case. Thasy 
the talculotions tor fke tsse uii Hi no 404-! MeunfiPs ate ^atU rkorter f/ran 
those ott^dfd^dere^for the case usliete adef^s^p^^/e^a/ued- 






I f 



£■-/. 



A,p/oe.nd / X £. 



T^he /afera/ cLijna i^y? / c- sfabi/' hj e 
^E'^aahons , yxcre trays^Jos^ ci ^o /v^<f i'o//ouf>‘^g 

{or sofuiioti h<^ th^ /{E/)C c. o te r: - 






^0 



D^'^-h I'y, D']^ 



F-L 






^ bf7^D0 D'p 



The sc-hei^Tit u/»v/V?^ <Li^.^mi^ o-f hh^ RFAC lyifh ro 

y^O>^^/i\^ea/'iH^s /*7 force or ds r{\/efiv'fSs is 



^iyei/i he/oio : 



( In het^raTir ^ a.^p/i'fic rr) ^ (I) 

( C> /Xig dtnd phk^ tnY^rfer an^pfifiers^ ) (s) 

(O AtuH ip/^ i rg potckti'i Cfnfc ters. ) , (py 

~^a / 3 r //- 







P-Ar 



S-/6-25%> 



■B(t> _ 0'of^AA. 5-/6 



.HUxSD<A P'H 



*■ b<i> 



^-/r 



-D-P.l 



petorier 






=.np 






S-/7 



-O'p 



iQSftffo 



ta^ 












jiOM£FLS'/6 



p-// 

Sid 



±£SE)^S-I-* 



to^'ip r-7 

F-S 






y*' — ^ O'F' _ ^-/7 



Nof^i'.- 



^'17 

S-/6 

AhoYC 



RQCx>^<Ler. 

PD^'V' 



i-D 









dia^rurf is fo/ Airp/^lne H 
For Ai*^pkneJF FoUoyj!^ char^ps arcmAcls:- 

Uavflc>\/P. P-6 Fcni CircMif conriecf S~8 oufjoi^t to S-/(>,&AM/d, 
instfAj o-f S-I(>,hin/) Conned S-/0 otAl^f to S-ll.lklnlO, 
instead of S-i7,^in /'■, (These nof^s continued on nent 



( 

1 



i 




of d./a.c^t'.70^ <?w 'f'/}^ 

pfec . G ( Li / i ^ pAo ^ e :^ 

f^o/" A / /ane ^ Atr’d ^/O 5e///y7<^^ ^ > 

Oud^ts 0-f S-/S' a>^d S'/S are ^ res^ecf i\/e/ij ^ ^ 

and V- 5^ . 

ForAirp/a^fe ^ ^ ro/t ~ /-O** . 

f~or A i /'pA^fr IF j / 1/6 /I ~ Fa’*. 

Tl'iereh/’e^ "foir pha ff* -- 

For Airp^ne -yf^ = - F.O vo /ti- 
For '/*> ‘ ~/F/ Yo It 

Sck^uiqt/c fit AC Wiring fo>r De^d Spol }n ^ /- 

< i ^-- r ^'/s -- , , j 

L(l ')/3 - V iae to ./? = 

, . spoFyj </s • 

*1 1 - 

L— J Li'^ilcrs J fl ). 

j^iiittfs <XM lolificv 10 hr 

/t/Fi co^joaffr p>^tst»o^rt4rt,^. 

indiiAFs S a^plt f i ^ r JO -for' 

i^EAC. to t¥pu ter it dj (atfu^f/t^ phase ittrr^rftr /o). 

~'N > fl & uAa .^- 

TK "— 



e 4 - coi » ipide . f ^ Z ^ 
u<ljof iteeStiumifers 
io e It «Kf^f ^ o-f 
pater ^ ip^'r 



S-JS 






/ 

> 


1^ 

i 




-HOdv 


















1^1 

MOO I 






zidL 



^ P I* > c oFi^^C f fyTo^ S^K)* 
to ^ fl ^ ^ Of f^EAC S(^/(4 I'lOFj I * ^ 

4 1 ^ ^ •■ I in seco < yi < i ^ ti Q ^ uiraltlif ' 

I ^ h > A irt decree 6 . 

( dOt ^ Cp ) . _ __ 

Ahc>^ I's for A irp/^**^ I. ) UJiArt^ o ^i^}/ar fv/Airpla^eJ/. 



E-3. 



Sc^he ^E/^C O/a^y'Qi^ Eo/‘ Pee^cJ SpoE i • - 




!o siv^u/^je for /^ st/df/oui 1 - / :~ 




t iv\ ^ec>ti /_s 

ecjutkt^j-0 /^ 1*1 de^yetfs- 



A/boue ujirfyn^ fj fof Air I ; cJir,'^^ n si^i/ar -for Airp/^^^Jf 



Re Ac fo/- Ektti s^ofj //) R a^d yJr 

I y — ■■ — - * — 



Fro^ s-z 



+ 10/3 i.j / 

77^-6' 







Z .-3 




k^v 

/ f/o/? I 7 : 7:7 " ^^1. 



56 ^^ / Z 3 



/-f'- /- 

Frt^S-8' 



foc«,«y'i 5 ,j r 7^|— 






^^^xHonuffi t f/o>^ S i(ff 



xp 

%-llo,(r*.\^IO 

* > AVc(xj «»K" 



/).• 









OlAtf’Ut of'1'7 




-XllEX- S'lJ, S-aiH /. 



> 3e:cri.&r. 






Hot. flfO 

i-/i, 



y / AiJov<? / 5 /o/* 

AWf>Utt^r, i^rV/W^ «■ ^ 5 //^,/?/ ^orkr/>kn*7- 



To ii^ukfe (3 3x>f EEA<^ 5o/^i-,(^ T-!'- 
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